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(54) Modular date storage system 

(57) A modular data atorage system (1Q> for han- 
dling and storing data cartridges may comprise a car- 
tridge handling assembly (50). at least one modular unit 
(12. 13. 14). and a vertical Jfft system (58). Each of the 
modular unite (12, 13. 14) of the modular data storage 
system (lO) is stackabi© vertteally upon one another to 
form adjacent modular units. Each of the modular units 
(12, 13, 14) comprises a housing (30. 32. 34) with open- 
ings (36, 38) therein which are adapted to allow the car- 
tridge handling s^sembly (50) to pass thareihfough. A 
plurality of cartridge reoeiving devices (40) are included 
within each of the modular units (12, 13, 14). The adja- 
cent modular units (12, 13, 14) aie substantially in align- 
ment and positioned such that the cartridge handling 
assembly (50) may be vertically translated among the 
adjacent modular units (12, 13, 14). The vertical lift sys- 
tem (58) is provided to vertiqally translate the cartridge 
handling assembly (60) among the ad^cem modular 
units (12, 13, 14). The vertical lift system (58) m^ 
include a pinfon gear assembly (60) mounted on the 
cartridge handling assembly (50). a rack assembly (80, 
90) nrK>iinted on each of the modular units (12. 13. 14} 
and operably associated vnth the pinion gear assembly 
(50), and an actuator system (70) operably attached to 
the pinion gear assembly (SO). In one embodiment, the 
modular units (12, 13, 14) may be placed within a hous- 
ing (120). 
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Description 

FIELD OF THE TNVeMTIQM 

10001 J The present invention relates generally to ctata 
storage systems for handling and storing data storaQe 
media devices such as data cartridges, and more par- 
ticularly to a data storage system comprised of individ- 
ual vertlcally-slackabie modular units. 

PAgKGRQVND OF THE INVEMT10N 

[0002] Data storage in the computer industry is 
accomplished In a numt^r of ways. For example, data 
may be stored on tape, compact disk. "Hoppy" or "hard" 
disk, and the like. Oftentimes, data storage media which 
is transferrable from ono location to another is housed 
within a paraiieiepiped-shaped cartridge. It is to be 
understood that the term "cartridge'* or "data cartridge' 
as used in the present application encompasses any 
data storage media device, whether or not li is housed 
within a cartridge. 

[0003] Data storage systems are used to store data 
storage media devices such as data cartridges at 
IcrtOwn locations and to retrieve desired cartridges so 
that data may bo written to or read from the cartridges. 
A typical data storage system may include different 
types of cartridge receiving devices. For example, one 
type of cartridge receiving device is a cartridge storage 
rack or "ntagazine" which has a plurality of individual 
oartridge storage iocattons. Another type of cartridge 
receiving device Is a cartridge read/write device or 
"drive". A data storage system may also include a car- 
tridge handling assembly for retrieving data cartridges 
and translating them among cartrkjge receiving devices 
(e.g., from a cartridge storage location to a <frive and 
vice-versa). 

[0004] Data storage systems may be produced in a 
variety of Sizes and configurations. In order to establish 
a product definition, a data storage system manufac- 
turer may aurvay potential customers as to their specific 
needs. The manufocturer may then design a "poinr 
product around this definition. This process may t>e 
repeated for different types of customers whfeh are typ- 
ically classified as •tow-entf', "mid-range*" or "high-end" 
customers Ctow-end" customers requiring a more cost- 
competitive, smaller capacity library than "mid-range** or 
"high-end" customers). The resun may be a series of 
products not only of different sizes and capacities, but 
also having unique housings, assemblies, and indivk^ 
ua! components* 

[DOOS] Furtherniore, the capacity of each of these 
products is limited, Le., within any particular data stor'^ 
age system produced by a manufacturer there is a spe- 
cific number of cartridge storage tocations and drives. 
This limits the options for a customer whose needs 
change and who may require a larger data storage sys- 
tem at some point in the future. Specifically, that cus- 



tomer can either purchase another data storage system 
to use along with their original data storage system, or 
that customer can purchase a new, larger-capacity data 
storage system to replace the original one. While the 

3 former optfen Involves less initial cost than the latter, 
there are several disadvantages for the customer to uti- 
lize multiple data storage systems rather than purchase 
a single, larger system. Specifrcally, each data storage 
system has its own cartridge handling assembly, data 

10 storage racks and drives. There is an unnecessary 
duplicatior of components such as the cartrkJge han- 
dling assembly: i.e., the customer needing an upgrade 
requires more data storage racks and possibly more 
drives, but not an extra cartridge harxliing assembly. 

t5 Furthermore, the data storage racks and drives from the 
first data storage system are not accessible by the car- 
tridge handling assembly of the second data storage 
system, and vk;e-versa. 

[0006] Tfius. a need exisid for a data storage system 
so whfch is comprised of individual modular units that can 
t>e combined to fomi data storage systems of varying 
size and capacity. Ideally, this modular data storage sys- 
tem would utilize a single cartrkJge handling assembly 
which may be vertically translated among all of the moci- 
25 ular units so that data cartrkfgas may be transferred 
from a cartrkige receiving device in one modular unit to 
a different cartridge reoaiving device in another modular 
unit. 

[0007] Ttie individual modular units woukJ preferably 
so be comprised of Interchangeable housings, assemblies 
and IndivkJuai components. This would allow the entire 
family of data storage systems, including systems for 
low-end, mW-range, and high-end customers, to be 
designed and manufactured together. TTiis repffcatton of 
3$ components would ptuvide many advantages to both 
the nrianufacturer and the customer, since a singte set of 
components coukj be used to supply an entire iiamity of 
data storage systems. 

<0 SUMMARY OF THE INVEMTIOM 

[OOOB] The present invenion Is directed to a modular 
data storage system for handling and storhg data car- 
tridges. The rTK>duiar data storage system may com- 
4^ prise a cartridge handling assembly, at least one 
modular unit and a vertical lift system. Each of the mod- 
ular units of the modular data storage system is stacka- 
bie vertically upon one another to form adjacent 
modular units. Each of the modular units comprbes a 
so housing with openings therein which are adapted to 
aOow the cartridge handling assembly to pass there- 
through. A plurality of cartridge receiving devices are 
included Within each of the modular units. The adjacent 
modular units are substantially In alignment ar^i posi- 
es tioned such that the cartridge handling assembly may 
be vertically translated among the acQacent modular 
units. The vertical lift system Is provided to vertnally 
translate the cartridge harxjiing assembty among the 
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adjacent modular units. The vertical lift system may 
inducfe a pinion gear assembly mounted on the car- 
tridge handling assembly, a rack assembly mounted on 
each of the modular units and operably associated with 
the pinion gear assembly, and an actuator system Oper- 
ably attached to th© pfnion gear assembly. 
[0009] The pinion gear assembly may comprise first 
and second pinion gears mounted opposite one another 
Cpreferably dlaQonatly). The rack assembly m^ com- 
prise first and second racks also mounted opposite one 
another (preferabty diagonally). Wltn'm any two adjacent 
modular units (an upper modular unit and a lower mod- 
ular unit), there Is an upper rack and a lower rack, each 
with multiple leeth having a predetermined pitch. The 
distance between the lowermost gear tooth on tha 
upper rack and the uppemnost gear toolh on the lower 
rack is equal to the predetermined pitch, or a multiple 
thereof. The upper rack and the lower rack are prefera- 
bly spaced apart from one another. 
[001 0] The modular data storage system may be fur- 
ther comprise a housing adapted to receive a plurality of 
the modular units. The fiousing may comprise a plurality 
of attaching devices fixedly attached to the housing 
which are adapted to fixedly attached the nnodular units 
to the housing. 

BRIEF DESCRIPTION QF THg PnA\||ffM«R 

[0011 J Illustrative and presently preferred embodi- 
ments of the invention are shown In the accompanying 
drawings in which: 

Fig. 1 is an isometric view of a modular data star^ 
age system according to the present Invention; 
FHg, 2 is an isometric view of a modular unit from the 
modular data storage system of Fig. 1 . with most of 
the housing broken away; 
Fig. 3 fe a lop plan view of th© modular unit of Rg. 2 
schematk^ily iUustratIng the preferred mounting 
position of the actuator system and pink>n gear 
assembly; 

Rg. 4 schematically illustrates an alternative longi- 
tudinal mounting positbn lor the actuator system 
and pinion gear assembly of Fig. 3; 
Rg. 5 schematically illustrates an altemaiivo lateral 
mounting position for the actuator system and pin- 
ion gear assembly of Fig. 3; 
Fig. 6 is an enlarged side elevational view schemat- 
ically illustrating an upper rack and a lower rack 
from two adjacent modular units and a pinion gear 
of thB modular data stoiage system of Rg, i ; and 
Rg. 7 is an isometric view of modular units from the 
modular data storage system of Fig. 1 mounted 
within a housing. 

DETAILED DgSCRlPTIQM O F THE ptfVPMTinM 

(0012] A modular data storage system 10 according to 
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the present invention is shown in Rg. 1 and may com- 
prise at least one modular unit 12, 1 3, 14. Tha modular 
units 12, 13, 14 are stackable vartically upon on© 
another to form adjacent modular units. While three 
5 modular units are shown in Fig. 1 , it is to be understood 
that as few as one, or as many modular units as a cus- 
tomer desires, may be utilized In a moduJar data storage 
system. Furthermore, one or more modular units may 
be added to the modular data storage system at any 
10 time. The modular data storage system 10 may also 
comprise a cartridge handling assembly 50 which may' 
be vertically translated among the adjacent modular 
units 12, 13. 14 as described in further detail below. 
[001 3] Each modular unit 1 2, 1 3, 1 4 may be substan- 
IB tiaily idantical to one another, except where noted other- 
wise below. Each modular unit 12, is, 14 may comprise 
a housing 30, 32. 34. each having an upper opening, 
e.g., 36 and a lower opening, e.g., 38. Each of the open- 
ings 36. 38 are sized and shaped to allow tf>e cartridge 
so handling assembly 50 to pass therethrough. Each mod- 
ular unit 12, 13, 14 may further comprise a plurality of 
cartridge receiving devices 40 which may be, for exam- 
ple, magazines (e.g.. 42) or drives (e,g., 44). or any 
combination thereof. The configuration of cartridge 
25 receiving devices 40 within each modular unit 12, 13, 14 
need not be Identical; each modular unit may be config- 
ured to suit a customer's particular needs. 
[0014] The cartridge handling assembly 50 may be of 
the type described in U.S. Patent Applicatfon Serial No. 
30 09/045.134 filed 3/20«8for MULTI-PLANE TRANSUVT- 
ING CARTniDGE HANDUNG SYSTEfi/l, which is 
hereby incorporated by reference for all that is con- 
tained tfiereln. Pig. 2 illustrates a modular unit 12 with 
most of the housing 30 broken away to more clearly 
,9$ show the cartridge handling assembly 50. K is to be 
understood that the description below may apply to an 
of the modular units (e.o., 12, 13, 14) of the modular 
data storage system 10. 

[00151 A3 shown in Fig. 2, the cartridge handling 
assembly 50 may comprise a generally rectangular 
frame 18 having an upper portion 1 8, a lower portion 20. 
and four sidss 22. 24, 26, 28. Cartridge receMng 
devices 40 (magazines 42 and drives 44) are preferably 
accessible from at least one, and most preferably two or 
4s more, of the sides 22, 24, 26. 28. The cartridge handling 
assembly 50 may also comprise a cartridge access 
device 52 capable of loading and letrievlng the data car- 
tridges (not shown>from the cartridge receiving devices 
40. 

so fOOIG] The modular data storage system 10 of the 
present invention may also comprise a vortical lift sys- 
tem 58, which is best shown In Fig. 2. The vertical lift 
system 58 may comprise a pinion gear assembly 60 
mounted on the cartridge handling assembly 50, The 

€S vertical lift system 58 may furtfier comprise an actuator 
system 70 operably attached to the pinion gear assem- 
bly 60 for vertically translating the cartridge handling 
assembly 60 among the adjacent modular units 12, 13. 
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14 (Fig. ^y The vertical lift system 56 may further com- 
prise a rack assembly (e.g., 80) mounted on each of 
said modular units (e.g., 12), which is operably associ- 
ated with the pinion gear asisembly 60. 
[0017] Tha pinion gear assembly 60 [s preferably com- 
prised of a first pinion gear 62 and a second pinion gear 
64, mounted diagonally opposfte one another as shown 
in Fig. 2. Each pinion gear ©a, 64 is preferably at least 
partially enclosed within a protective housing 66, 68, 
respectively. The rack assembly 80 aa shown in Fig. 2 is 
preferably comprised of a first rack 82 and a aeoond 
rack 54, mounted diagonally opposite one another and 
in alignment with the pinion gears 62, 64, respectively. 
Each lack 82, 64 is fixedly attached to the modular unit 
housing 30. The actuator system 70 is preferably com- 
prised of a motor 72, a gear/shaft assembly 74 to oper- 
ably attach the motor 72 to the pinion gears 62, 64, and 
a protectivB housing 76. The actuator system prolectiva 
housing 76 may be integrally fbrmed with at least one of 
the pinion gear protactive housings (ag. 66), as shorn 
in Fig. 2, 

[0018] The actuator system 70 and pinion gears 62, 
64 of the pinion gear assembly 60 are prsfarably fixedly 
attached to tiie cartridge handling assembly frame 1 6 at 
the upper portton 18 thereof. The actuator system 70 
and pinion gears 62, 64 are preferably mounted diago- 
nally as shown in Rgs. 1 , 2 and schematically In Fig. 3 
in order to most evenly distribute the weight thereof 
abng the upper portbn 18 of the fiame 16. Tha racks 
82. 84 are also mounted diagonally aa Shown in this 
embodiment Figs, 4 and 5 illust/ate alternate mounting 
po$itk)ns for the actuator system, pinion gears and 
racks. As shown in Rg. 4, the actuator system 70' may 
be mounted tongFtudinaliy, with the pinion gears 62*, 64' 
being mounted k>ngltudinalfy opposite one another and 
the racks 82', 84' also being mounted longitudinally 
opposite one another. As shown in Fig, 5, the actuator 
system 70" may be mounted laterally, with the pinion 
geans 62", 64" being mounted laterally opposite one 
another and the racks BZ\ 84" also being mounted lat- 
erally oppo«te one another. Furthermore, the actuator 
system 70 may be mounted diagonally, tongihidinaWy or 
laterafly as shown in Figs. 3-5 at either the upper portion 
18 or the lower portion 20 (Rg, 2) of the frame 16. 
[001 9] Refening again to Rg. 1 , among adjacent mod- 
ular units 12. 13, 14 there Is an upper modular unit (e.g., 
12) and a lower modular unit (e.g. 13). The upper mod- 
ular unit 12 comprises an upper rack assembly 60, and 
the lower modular unit comprises a lower rack assembly 
90. Rg. 8 illustrates an upper rack 82 and a lower rack 
92 fmm two adjacent modular units 12. 13. respectively, 
and a pinion gear 62. It is to be understood that the fol- 
lowing descriptk)n applies equally to the second rack 
(e.g., 84) of each rack assembly 80, 90 and also to the 
second pinion gear 64 of the piruon gear assembly 60. 
[0020] As shown ir Fig. 6. the upper rack 82 cono- 
prises a plurality of gear teeth 100 having a predeter- 
mined pitch 'P' (measured centerline-tDKrenterline), 
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and the lower rack 92 also comprises a plurality of gear 
teeth 1 to having the same predetermined pitch "P'. The 
upper rack 82 comprises a lowermost g^ar tooth 102, 
and the lower rack 92 comprises an uppermost gear 

s tooth 112. In order for the pinion gear 62 to translate 
smoothly between the upper rack 82 and lower rack 92, 
two conditions must exist. First, the adjacent modular 
units 12, 1 3 must be in substantial alignment. More spe- 
cifically, the upper rack 82 of the upper modular unit 12 

10 and the lower rack 92 of the lower modular unit 13 must 
be in substantia) alignment (and. correspondingly, the 
upper rack assembly 80 and fower rack assembly 90 
must be in substantial alignment). Second, as shown in 
Fig. 6. the distance 'D" (measured the same way as -p\ 

15 i.e., centerline-to-centerline) between tha lowermost 
gear tooth 102 of the upper rack 62 and the upperrnost 
gear tooth 112 of the lower rack 92 must be equal to a 
multiple of the predetamilned pitch in other words. 
P, 2P, etc. Most preferably, and for the smoothest trans- 

so latbn, O is equal to P. As shown in Fig. 6. there is pref- 
erably a space "S" between the upper rack 82 and the 
lower rack 92 so that the upper rack 82 and fower rack 
92 do not abrade one another due to vib radons prassnt 
during normal operation of the cartridge handling 

2$ assembly so (Figs. 1 and 2). For example, while the 
racks 82. 92 may each have a pitch "P' of approximalely 
6 mm, the spacing "S" may be appiOKimately 0.5 mm. 
[0021] As described above, any number of modular 
unitB 12, 13, 14 may be stacked vertically upon one 

30 another to form acQacent modular units of a modular 
data stonage system 10, Fig. 1. The rack assemblies 
(e.g. 80, 90) may be aligned using an alignment tool 
(not shown) and shifting either the fower adjacent mod- 
ular unit 13 or the upper adjacent noodular unit 12 until 

^ the rack assembties are aligned. Then, the lower modu- 
lar unit 13 may be fixedly attached to the upper modular 
unit 12 using any conv6ntk>nal attachment means such 
as screws or the like. The distance "D" and spacing -S' 
are maintained between the upper and fower racks 82, 

40 02 (and upper and lower rack assemblies 80, 90) 
because of the position of the racks 82, 92 within each 
modular unit housing 30, 32: 

[0022] In an alternative embodiment shown in Fig. 7, 
the modular units 12, 13, 14 of the modular data storage 

45 system 10 may be placed within a housing 120. Tlie 
housing 120 may comprise a plural^ of attachir^ 
devices 122, such as the L-shaped brackets shown in 
Rg. 7. when are adapted to fixedly attach the modular 
units 12, 13, 14 to the housing 120. The attaching 

60 devices 1 22 may be fwedly attached to the housing 1 20 
using a screw or the like. Each of the modular units 12, 
13, 14 may be inserted bito the housing 120 and then 
fixedly attached to several of the attaching devices 122 
screws or the fike. It is to be understood that, while L- 

55 shaped brackets are shown in Fig. 7, any conventional 
attaching device may be used to attach the modular 
units to the housing, as fong as the attaching devk» 
does not Interfere with the vertical translation of the car- 
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triage handling assembly 50 among the adjacent modu- 
lar units. The modular unte 12, 13, 14 may alternativery 
bo directry attached to tho housirtg 120. TTie size of the 
housing 120 (ar>d number of attaching devices 122 the 
housing 120 can accommodate) may be deteoDined in 5 
accordance with a customers requirements. In ihe 
embodiment shown in Fig. 7 (as with all embodiments of 
the present inveniion), the aoovenjescribed require- 
ments for smooth translation of the pinion gear (e.g.. 62, 
Fig. 6) between the upper racks (e.g. 82) and lower ro 
racks (e.g.. 92) must be maintained. In Other words, in 
addition to aligning the adjacent modular units as 
described above, the proper distance C'D". ^g. 6) must 
be maintained between the upper and lower racks (82. 
92, Rg. 6). This Is aocomplishecl by positioning the ,5 
modular units 12. 13, 14 directly adjacent one another 
within the housing 120. 

[0023] It can be seen from the above description that 
each of the modular units has many common comj^o*- 
nents, such as the housing, racks, drives and maga- 20 
ztnes. in addition, a single cartridge handling assembly 
IS used to access the drives and magazines of all of the 
modular units, as well as any unit that may be subse- 
quently added. This repHcatfon of components provides 
many advantages to Iha manufacturer as well as low- & 
end, mid-range, and high-end customers, since a single 
set of components could be used to supply an entire 
family of data storage systems. 
[0024] WhDe illustrative and presently preferred 
embodiments of the invention have been described in 90 
detail herein, It is to be understood that the tnventtve 
concepts n)ay be otherorise variously embodied and 
employed and that the appended claims are intended to 
be construed to include such variations except insofar 
as limited by the prior art 3s 

Ctafms 

1. A modular data storage system (10) for handling 
arKJ storing data cartridges, comprising: 40 

a) a cartridge handling assembly (50); 

b) at least one modular unit (12. 13. 14), each 
of said modular units being stackabie vertically 
upon one another to form adjacent nmfular 4$ 
units, comprising: 

i) a housing (30, 32, 34) having an upper 
opening (36) and a tower opening (36), 
wherein each ol sard upper opening and so 
lower opening i$ adapted to allow said car- 
tridge handling assembly (80) to pass 
therethrough; 

ii) a plurality of cartridge receiving devices 
(40); and ss 
iil) wherein said adjacent modular units 
(12, 13, 14) are substantially in alignment 
and positioned such that sakH cartridge 
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handling assembly (50) may be vertlcaiiy 
translated among said adjacent modular 
units (12.13,14); and 

c) a vertical lift system (58) operably associ- 
ated with said cartridge handling assembly (50) 
for vertically translating said cartridge handling 
assembly (50) among said adjacent modular 
units (12, 13.14). 

X The modular data storage system (10) oi claim 1 
wherein said vertical lift system (58) comprises: 

a) a pinion gear assembly (60) mounted on 
said cartridge handling assembly (50)i 

b) a rack assembly (80, 90) mounted on each 
of sakj modular units (12, 13, 14) and operably 
associated with said pinion gear assembly 
(60); and 

c) an actuator system (70) operably attached to 
said pinion gear assembly (60). 

3. The modular data storage system (10) of claim 1 
further comprising a housing (120) adapted to 
receive a plurality of said modular units. 

4. The modular data storage system (10) of dalm 2 
wherein: 

a) said adjacent modular units (12. 13, 14) 
comprise an upper modular unit (13) with an 
upper rack assembly (80) and a lower modular 
unit (14) with a lower rack assembly (90); 

b) said upper rack assembly (80) comprises an 
upper rack (62) having a plurality of gear teeth 
(100). Including a k3wermost gear tooth (102). 
which are spaced apart by a predetermined 
pitch (P); 

C) said lower rack assembly (90) comprises a 
lower rack (92) in substant'af alignment with 
sakj upper rack (82), saM tower rack (92) hav- 
ing a plurality of gear teeth (110), including an 
uppenmost gear tooth (1 12). which are spaced 
apart by said predetermined pitch (P) of sato 
upper rack; 

d) wherein the distance (D) between said low* 
ormosi gear tooth (1 02) of said upper rack (82) 
and said uppemiost gear tooth (112) of sakJ 
lower rack (92) 18 equal to a multiple of said 
predetermined pitoh (P). 

5. The modular data storage system of claim 4 where 
the distance (d) between said kiwermost gear tooth 
(102) of Sato upper rack (82) and said uppermost 
gear tooth (1 1 2) of said lower rack (92) Is equal to 
one unit of sakj predetermined pilch (P). 

6. The modular data storage system (10) of claim 2 
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v^arain: 

a) said pinion gear asdembry (60) comprises a 
firat pinbn goar (62) and a seooncf pinion gear 
(64) mounted opposite said first pinion gear s 
(62), and said actuator system (70) is mounted 
between said first pinion gear (62) and said 
second pinion gear (64); and 

b) said rack assembly (80) oomprises a first 
rack (82) and a second rack (64) mounted w 
opposite said first rack (82). 

7. A vertical liM system (58) for a modular data storage 
system (10), said modular datastorage system (10) 
comprising a cartridge handling assembly (30) and is 
at least one modular unit (12. 13, 14) comprising a 
housing (30, 32, 34) and a plurality of cartridge 
receiving devices (40), each of said modular units 
(12, 13, 14) being stackable vertically upon one 
another to form adjacent modular units, oomprising: zo 

a) a pinion gear assembly (60) mounted on 
said cartridge handling assembly (50); 

b) an actuator system (70) operably attached to 
said pinion gear assembly (60) for vertically 25 
translating sakj cartridge handling assembly 
(50) among sakJ adjacent modular units (12, 

13. 14): 

c) a rack assembly (80. 90) mounted on each of 
said modular units (12» 13, 14) and operably 90 
associated with said pinion gear assembly 
(60); and 

d) wherein safd rack assemblies (80, 90) of 
said adjacent modular units (12, 13, 14) are 
substantially in alignment and positioned such ss 
that said cartridge handCng assen^fy (50) may 

be vertically translated among said adjacent 
modular units (12, 13, 14). 

6. The vertical lift system (58) of claim 7 wherein: 4o 

a) saki adjacent modular unils (12, 13, 14) 
comprise en upper modular unit (12) with an 
upper rack assembly (60) arwi a tower modular 
unit (14) wfth a tower rack assembly (90); 43 

b) saki upper rack assembly (80) comprises an 
upper rack (82) having a plurality of gear teeth 
(100). tnduding a kwermost gear tooth (102), 
which are spaced apart by a predetermined 
pitch (P); so 

c) said lower rack assembly (SO) comprises a 
tower rack (92) in substantial alignment with 
said upper rack (62), saki lower rack (92) hav- 
ing a plumlily of gear teeth (1 10), including an 
uppermost gear tooth (1 1 2), which are spaced 55 
apart by said predetermined pitch (P) of safd 
upper rack; 

d) wherein the dbtanoe (D) between said lowr 



ermosl gear tooth (1 02) of said upper rack (Q2) 
and said uppermost gear tooth (112) of said 
lower rack (92) is equal to a multiple of said 
predetermined pitch (P). 

9. The modular data storage system of claim 8 where 
the distance (D) between said k>wermost gear tooth 
(102) of sakj upper rack (82) and saki uppermost 
gear tooth (1 12) of said tower rack (92) Is equal to 
one unit of said predetermined pitch (P). 

10, The vertical lift system (58) of claim 7 wherein: 

a) said pinion gear assembly (60) comprises a 
first pinion gear (62) and a second pinion gear 
(64) mounted opposite said first pinion gear 
(62), and said actuator system (70) is mounted 
between said first pinton gear (62) and said 
second pinton gear (64); and 

b) sakj rack assembly (80) comprises a first 
rack (82) and a second rack (84) mounted 
opposite said first rack (62). 
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